Abstract. Advancement in technology has been a vital part of proper healthcare throughout the years. A body attachable novice wireless sensor was modified to assess body limb motion real-time. Acceleration results were compared to the peak torque values obtained during the lower limb extension and flexion motions with maximal resistance. Five extension and flexion motions were assessed for compared. As a result, correlation coefficient value of 0.98 (p < 0.5) was obtained which indicate a strong correlation relationship between the peak torque values and acceleration values. In conclusion, a novice sensor for body movement assess may be utilized to predict reduction in peak torque due to fatigue.
Introduction
Advancements in technology have been a vital part of proper healthcare throughout the years [1] . Technology has been deeply influencing and assisting healthcare providers with great precision and speed. In recent years, technology has expanded its applicative areas from surgeries to daily health monitoring [2] . Reductions in the cost and size of the devices along with the advancement in the wireless technology have provided a wide range of applicable fields.
Movement assessment or motion sensor is one of the applicable areas that has been acquiring attention of technological advancements [3] . Human movements can be influenced by various factors such as clinical complications, habitual posture, or physical activity [3, 4] . Improper movement and weight distribution during physical activity has been known to initiate and aggravate postural imbalance which may lead to neuromuscular complications [3, 4] .
Various devices have been utilized to assess human movements with physical fitness level which may include variables such as agility, strength, endurance, and coordination. Although existing devices are reliable and accurate, most have limitations such accessibility and mobility [4, 5] . Many of the devices are stationed or fixed to a specific location for limited mobility. In addition, large sized devices limit accessibility. Such limitations make it hard to acquire information on natural movement patterns or physical fitness status.
Advancements in technology have allowed sensors with multiple functions and significant reduction in sizes. Such advancements allow freedom from specific fixed location and size [3] [4] [5] . That is, instead of only acquiring movement pattern and physical activity information from a specific location in time, various types of movement information can be acquired from miniature sized devices.
Therefore, a wireless hand-held sized device was developed and utilized to acquire movement information in this study. The novice device was tested for movement analysis and feasibility for onsite application by comparing the results with the results from a golden standard device. An isokinetic machine was utilized to assess peak torque (Newton/meter) during knee extensions and flexions. The relationship between strength and force-velocity relationship has been previously identified [6] . Peak torque (N·m) results were compared with peak acceleration (m/s2) results from each knee extension and flexion.
Materials and Methods

Assessment Device
Experiment was conducted using CC2650 SensorTag from Texas Instruments with accelerometer and gyroscope sensor nodes. The accelerometer and gyroscope nodes are mounted on the InvenSense MPU-9250 multi-chip module for multiple assessments. It acquires data using Bluetooth via low energy communication with RF core. The device recorded acceleration per every 0.01 second.
The sensitivity of the gyroscope is 2000 degree/sec and the sensitivity of the accelerometer is ±2g. The measurement period of motion data was 10ms in the experiment. The time synchronization between the left and right sensors was performed by simultaneously pressing the hardware buttons on the sensors and time stamping the acquired data. In the experiment, the motion data were acquired through the accelerometer and gyroscope as shown. The acquired data were transmitted to an android smartphone via the Bluetooth low energy (BLE) communication. When the smartphone receives transmitted data, it calibrates the data using the calibration parameters and changes the corresponding units. The sensor stores the preprocessed data in the internal storage of the smart phone. After the measurement is completed, the data stored in the smartphone is transferred to a PC, and the motion estimation of the algorithm is performed through MATLAB.
The extended Kalman filter (EKF) is designed to measure joint movements such as shoulder or knee joints to measure body imbalance. The general estimation model is not suitable for motion estimation including position estimation due to drift error of each sensor. The proposed the EKF makes measurements using built-in accelerometer and gyroscope and estimates static and dynamic motions more accurately by using the moment arm length to compensate for the drift error of the positional estimation. Thus, by fusing other sensor data with additional input information, the accuracy of the estimated value can be increased. This section describes the EKF design and implementation. In addition, we present the experimental results of measuring the actual motion and show the ability of motion estimation to measure the bodily motion imbalance.
Movement Assessment
Strength measures were conducted on a isokinetic strength assessment machine, the Humac-Norm Isokinetic dynamometer (Computer Sports Medicine, Inc., Stoughton, Mass, USA) was utilized during knee extension and flexion. A collegiate male participant volunteered to conduct one set of isokinetic knee extension and flexion trials. This assessment assess maximal quadriceps and hamstring strength from knee extension and flexion trials. The participant was positioned in the Humac Norm chair according to the guidelines provided by the manufacturer. Previous literatures were referred for proper assessment procedure. The participant completed warm-up exercise and practice trials prior to conducting maximal knee extensions and flexions at a velocity of 90 degrees per second. The SensorTag device was mounted and fixed on the lower segment of the corresponding leg for simultaneous assessment with the isokinetic strength assessment machine during knee flexion and extension movements (figure 1). The assessment time of the SensorTag was synchronized with the isokinetic machine for 0.01 second matching analysis. Peak toque values (newton per meter) of the knee flexions and extensions were acquired from the isokinetic machine and maximal linear acceleration values (meter per sec 2 ) of the knee flexions and extensions were acquired from the SensorTag device.
Statistical analysis
For each flexion and extension isokinetic strength result, peak torque was normalized to body weight (kg). Pearson product-moment correlation analysis (r) was performed to explore the relationship between peak torque results from the isokinetic machine and maximal acceleration values acquired from the SensorTag device. An alpha level (p) of 0.05 was used for the analysis.
Results
Six peak torque values were acquired during the knee flexions and five peak torque values were acquired during the knee extensions. Peak torque and acceleration reduction rates were also observed for similarities between the two assessment values. As shown in figure 2, both the isokinetic peak torque values and the linear acceleration values decreased as the trials continued. In comparison of the first flexion trial set at 100%, the flexion peak torque rates of the second, third, fourth, and fifth trials changed to 75%, 109%, 104%, and 120%, respectively. The linear acceleration rates of the flexion trials also changed in comparison to the first trial value. The rates of the second, third, fourth, and fifth trials changed from 100% to 160%, 40%, 38%, and 46%, respectively. In comparison of the first extension trial set at 100%, the extension peak torque rates of the second, third, fourth, and fifth trials changed to 105%, 95%, 84%, and 87%, respectively. The linear acceleration rates of the extension trials also changed in comparison to the first trial value. The rates of the second, third, fourth, and fifth trials changed from 100% to 102%, 27%, 17%, and 17%, respectively. Although the reduction rates differ between peak torque values and linear acceleration values, the reduction tendency were similar with significantly high correlation coefficient values shown for both the flexion and extension trials.
Discussion and Conclusion
A novice device for real-time movement analysis was compared for its applicability in physical activity and movement analysis. The device was compared real-time by attaching the device to the moving leg during isokinetic knee extension and flexion trial for synchronized results. Isokinetic machine is designed to test the maximum strength of certain group of muscle whilst resistant is variable according to the amount of force throughout the range of movement.
Force or strength is the ability to overcome resistance for movement. Power is the work done per unit of time (strength × speed) [7] . The isokinetic machine assess the maximum or peak torque or force throughout the extending and flexing motion of the knee. Since the mass is constant and the average angle of maximum force occurs at a similar location during each range of limb motion, only the force and the acceleration values change. By applying the relationship of power and force, the study observed the relationship between peak torque and acceleration of the lower limb. The torque-acceleration relationship showed very strong correlation relationship of .98 (p <.05) [8] . The correlation coefficient value of 1.0 shows a perfect positive correlation. The correlation values between 0.6 and 0.8 is considered strong and the correlation values greater than 0.8 is considered very strong [8] . 
Summary
Exercise that is performed at higher velocities and acceleration for the entire range of movement has been reported to be necessary for power development [9] . Therefore, during maximal power output, acceleration values may be utilized to indirectly predict force output reduction rate or fatigue level. Assessment of strength output during various type of physical activity and movement is one of the critical factor in assessing performance in athletes as well as rehabilitation progress in patients.
